I.! Introduction
Job training programs aim at improving the employment prospects of individuals who would otherwise have difficulty integrating into the labor force. For instance, individuals who drop out of the formal education system before finishing secondary school typically have poorer employment prospects including lower formal sector attachment and lower wages.
Vocational training offers a second chance to those who drop out of the formal education system to obtain and upgrade job-specific skills that can differentiate them from other dropouts in the labor market. For example, Attanasio, Kugler and Meghir (2011) -AKM henceforth-find that a well-designed randomized vocational training program in Colombia, which matched the skills taught to the skills required in the labor market, increases earnings for women by close to 20 percent and increases formal employment for both men and women by up to 7 percentage points. Another paper, circulated contemporaneously with the current one, finds that these early labor effects of the Colombian training program persist in the medium term (Attanasio et al. 2015) . AKM and Attanasio et al. (2015) find that the employment benefits of vocational training for women exceed program costs even when assuming that the skills depreciate over time. In other developing countries, however, evidence from the few randomized controlled trials conducted suggests smaller short-and long-term impacts on the employment prospects of participants (Card et al., 2011; Hicks et al., 2013; Hirshleifer et al., 2013; Ripani et al., 2015) .
One glaring limitation of most of these studies, however, is that they typically only analyze labor market outcomes after participation. Such rationale assumes that among disadvantaged youth, job training is a substitute of formal education. Job training programs in which participants receive vocational training alongside subsidized private sector employment may, however, complement additional educational investments to the extent they enable participants to learn about their ability, raise expectations or help them relax educational credit constraints. While others have argued earlier that skill begets skill (e.g. Heckman, 2000) , no study to date has examined whether skill acquired through vocational training begets formal education skills. Such complementarity would imply, among other things, that welfare calculations based on short-term employment and earnings impacts alone may considerably underestimate the social desirability of these kinds of programs.
In addition, to the extent that families share informational and financial resources, it is plausible that vocational training may also generate spillover benefits on others as well. Omitting potential spillover effects from welfare calculations also underestimates the desirability of vocational training programs. While prior studies have examined the external effects of formal education (e.g. Heckman and Lochner, 2000) , no study has examined the extent to which job training generates spillover effects.
In this paper, we aim to address these gaps in the literature by examining experimental evidence on the long-term direct and spillover formal education and labor market effects of a randomized vocational training program for disadvantaged youth in Colombia. We match data from the randomization sample collected by AKM to various sources of administrative data which allow us to follow formal education and labor market trajectories of individuals and family members between three and eight years after participation in the program.
Training lottery winners are 1.4 percentage points (27 percent relative to the lottery losers' mean) more likely than losers to complete secondary school one year after training participation. We find no effects of training on secondary school completion after two years of training participation suggesting that the effect on secondary school completion is concentrated immediately after training participation.
Training lottery winners are 3.5 percentage points (31 percent) more likely than losers to enroll in formal tertiary education between three and eight years after training participation.
Tertiary enrollment effects are strongest among applicants with above-average baseline educational attainment.
Training lottery winners are 1.6 percentage points (107 percent) more likely to remain enrolled in college five years after training participation. Among male training applicants, tertiary enrollment effects concentrate on universities whereas among female applicants the effects concentrate on vocational college enrollment. These results demonstrate that vocational training skills complement and beget additional formal education skills of participants.
Training has formal education spillovers on participants' families. Family members of training participants are 1.3 percentage points (35 percent) more likely to enroll in tertiary education and are 1.7 percentage points (38 percent) more likely to remain enrolled in tertiary education five years after training than family members of non-participants. The educational spillovers could be due to informational externalities or due to educational inputs and resources that trainees may share with other family members. The pattern of formal education results on applicants and relatives is most consistent with the training-formal education complementarity arising from a combination of improved skills and changes in expectations.
Training participants are more likely to be employed in formal sector jobs three to eight years after random assignment. Among female applicants, training lottery winners are 5.8
percentage points (10 percent) more likely to be employed in formal sector jobs than losers; among male applicants, winners are 5.1 percentage points (7 percent) more likely to work in formal employment.
Training lottery winners also spend 13 percent more time than losers on formal sector employment three to five years after randomization. Training lottery winners, particularly females, earn at least 11 percent more in total formal sector earnings than losers between three and eight years after randomization.
Compared to the short-term employment results reported by AKM, these results indicate that the impacts of job training on both the extensive and intensive margin of formal employment are long-lasting-particularly among women-which is consistent with prior evidence on the persistent impact of vocational training (Krueger, 2003; Schochet et al., 2008; Hotz, 2006) . The impacts of training on formal sector employment outcomes are not necessarily a result of the additional formal education investments of trainees since these are equally strong for training applicants with below-average baseline educational attainment among whom training does not increase the likelihood of enrolling or remaining in tertiary education.
The rest of the paper proceeds as follows. In Section 2, we describe the vocational training program in Colombia, prior evidence on its short term employment effects and related studies on the effects of vocational training for disadvantaged youth. In Section 3, we describe the administrative data sources we use for the analysis and how we linked them to the original applicant data. In Section 4, we present results on the impacts of vocational training on formal educational outcomes of participants and their families in the medium and long-term. In Section 5, we present impacts of vocational training on formal employment in the medium and long-term using social security records. In section 6, we estimate costs and benefits of the program and calculate internal rates of return separately for women and men. We conclude in Section 7.
II.! Program Background and Prior Evidence

A.! Program Background
We study the long-term direct and spillover effects of Youth in Action (YIA), a vocational training program introduced in Colombia in the early 2000s. In 2005, the government agreed to use lotteries to assign oversubscribed training courses among interested applicants.
This randomized design allowed AKM to evaluate the short-term impacts of training on employment outcomes of trainees one year after training.
YIA consisted of 3 months of classroom training and a 3-month apprenticeship in a job.
Classroom training was provided by training institutions which had to be legally registered, show financial solvency and compete in a bidding process in order to be able to participate. The training institutions also had to guarantee apprenticeship in legally registered (formal sector) companies in order to be paid by the government for the provision of training. This pay-forperformance element of the program created incentives for training institutions to offer participants courses and skills that were relevant and in-demand by employers. Participants received a $2.20 daily stipend to cover for transportation and other expenses related to program participation. Female participants with children under age seven received a higher stipend of $3.00 daily to also help them cover for childcare expenses.
Applicants were randomly assigned to YIA as follows. Since training institutions were paid based on graduation of participants and their ability to place them in apprenticeships, they were inclined to select participants on the basis of who was likely to succeed. AKM suggested to training institutions that they select a list of eligible applicants for every course that included up to 50 percent more applicants than they had capacity to enroll in the course (e.g., a course with capacity for 30 individuals would pre-select a list of 45 individuals). Applicants from these lists were randomly assigned to receive training or no training in that course. There was close to full compliance. Only 0.18 percent of those offered training turned it down and only 1.29 percent of those who were not offered training ended up receiving training.
AKM show that one year after YIA training, randomly selected female participants are 7
percentage points more likely to be in formal sector employment and earn 20 percent more than non-participants. Among males, YIA increased formal employment by 6 percentage points but had no effect on earnings. Attanasio et al. (2015) show that the earnings increases among participants are persistent. The employment and earnings impacts of YIA are among the largest in the job training literature that have been documented using a credible research design.
B.! Prior Evidence on the Effects of Vocational Training for Disadvantaged Youth
Few studies in developing countries examine impacts of training using randomized designs that meet experimental evidence standards to make causal attributions. With one exception, all focus on short-term employment and earnings outcomes. No study to date uses a randomized research design to document long-term direct and spillover effects of training. Ours is the first paper to examine both formal education and employment outcomes of training participants and their families as far as eight years after random assignment. While several studies examine the external effects of formal education and the effects of schooling on other's educational attainment and on voting behavior and criminal activity (Acemoglu and Angrist, 2000; Heckman and Lochner, 2000; Milligan et al., 2004; Moretti, 2004) , no study to date examines external effects of vocational training. In this paper, we examine the impact of vocational training on the schooling and employment of family members of the applicants.
Examining long-term effects as well as potential spillovers of programs is important for appropriate welfare calculations. For example, AKM conducted a cost-benefit analysis of the YIA program based on the short-term evaluation. In order to conduct this cost-benefit analysis, AKM had to make assumptions about whether the impacts would persist or not. AKM considered two scenarios: one in which the earnings benefits persisted until the end of the participant's lifetime, and another one in which the earnings gains from training depreciated by 10 percent per year. AKMs cost-benefit analysis was positive under both scenarios for women but not for men. Attanasio et al. (2015) conduct a cost-benefit analysis using longer-term employment outcomes and also conclude that the program has a positive rate of return. In both cases however, the cost-benefit analysis neglects spillover effects, potentially leading to an under-estimate of the YIA program's social desirability.
III.! Data Description
A.! Randomization Data
Our As a result of stratification by sex, 54 percent of training applicants in the evaluation sample are female ( We use the applicants' names and adult national identification numbers to be able to match the original baseline data from YIA with the four administrative datasets. In the training applicant list, all applicants report full their names and over 96 percent report a valid adult identification number. 2 There is no difference between winners and losers in the probability of having a valid adult identification number (Table 2) .
We obtain information about applicant's other household members at baseline by (Table 2) .
B.! Administrative Education Records
To track applicants' and other household members' educational outcomes, we use two national administrative datasets. First, we use Colombia's secondary school graduation exam (known as ICFES for its Spanish acronym − Instituto Colombiano para el Fomento de la Educacion Superior) database. We use these data to determine whether applicants took the ICFES test, which we interpret as a proxy for secondary school graduation since taking the test is a graduation requirement. We match data through the exam-taking cohort of 2012, seven years after training program application. We match 34 percent of lottery winners and 31 percent of losers to the secondary graduation exam database and the difference is statistically significant ( Table 2 ). Note that showing up in the secondary school graduation database is an outcome potentially affected by training treatment status.
The second educational administrative dataset is Colombia's Education Ministry's
System for Prevention and Analysis of Dropouts in Institutions of Higher Education (known as SPADIES for its Spanish acronym, Sistema de Prevención y Análisis de la Deserción en
Instituciones de Educación Superior) to track applicants and other household members through higher education, including enrollment and completion. The higher education database is an individual-level panel dataset that tracks close to 95 percent of higher education students from their first year to their degree receipt beginning in 1998. We obtained data through 2013, eight years after program application. The higher education database is similar to the National Student Clearinghouse in the U.S. It includes information on the timing and institution of students' tertiary attendance. We also observe characteristics of the institution including whether it is a university or a vocational college; whether the institution was public or private; and its selectivity measured by average percentile scores on the ICFES entrance exam. Using these data, we can construct outcomes characterizing students' trajectories throughout college (e.g., enrollment periods, retention, and graduation). We match 21 percent of winners and 17 percent of losers to the tertiary education database and the difference is statistically significant ( Table 2) .
As with the secondary education database, showing up in the tertiary education database is an outcome potentially affected by training treatment status.
C.! Social Security Records
To track formal employment and earnings outcomes, we match applicants to Colombia's social security records collected by the Ministry of Health and Social Protection, known as SISPRO for its Spanish acronym (i.e., Sistema Integral de Información de la Protección Social).
3 SISPRO is an individual-level panel dataset that is updated monthly, and that contains information on contributions to government social programs for health, employment, and retirement. For the purposes of this study, we focus on the work module, which contains information on whether individuals have worked in the formal sector, the number of days of formal sector employment, monthly earnings, and social security contributions. We focus on outcomes from 2008 to 2013 -between three and eight years after randomization. We use data only starting in 2008 since this was the year when SISPRO began to cover the universe of formal sector workers. We use SISPRO data to examine additional outcomes, including: extensive and intensive margins of formal sector employment and formal sector earnings. Seventy eight percent of winners and 71 percent of losers appear at some point in the social security database and the difference is statistically significant ( Table 2) . As with the educational datasets, showing up in the social security database is an outcome itself potentially affected by training treatment status.
IV. Impacts on Formal Education of Participants and their Families
In this section we describe training lottery impacts on secondary school completion of participants (subsection A), tertiary education enrollment and retention impacts on participants (subsection B), and secondary school completion (subsection C) and tertiary education enrollment and retention of family members (subsection D).
A. Impacts on Secondary School Completion of Participants
We define the secondary school completion outcome as having taken the secondary school graduation test after participation in the training program. Twenty seven percent of program applicants had completed secondary school prior to training and there are no differences in secondary school completion rates among training lottery winners and losers prior to training (Table 1) .
About 5 percent of training lottery losers goes on to complete secondary school after training (after 2006). Training lottery winners are 1.4 percentage points (27 percent) more likely than losers to complete secondary school one year after training participation, a difference that is statistically significant at the 10 percent level. When we focus on secondary school completion between two and four years after training (after 2007 through 2009), we find no effects of training, suggesting that most of the effect on secondary school completion is concentrated immediately after training participation (Panel A, Table 3 ). We also do not find statistically significant effects of training participation on secondary school completion when separating by gender (Panels B and C, Table 3 ).
B. Impacts on Tertiary Education Outcomes of Participants
Training participation increases tertiary education access and retention. Table   4 ).
Tertiary education enrollment effects of training are concentrated among applicants with prior years of completed education above the mean-essentially those who had completed secondary education prior to training participation. Among training applicants with above average prior educational attainment, training increases tertiary education enrollment by 3.9
percentage points, a 27 percent increase relative to the training lottery losers mean of 14 percent.
As is the case in the full sample, the effects on tertiary enrollment among applicants with prior above mean educational attainment concentrate in the second year after training (initial enrollment in 2007, Panel B, Table 4 ). Among applicants with below mean prior educational attainment, the point estimates of training on enrollment in tertiary education are small in magnitude and never statistically significant (Panel C, Table 4 ).
Disaggregating tertiary education enrollment effects of training by the type of institution applicants register in, we find that two thirds of training lottery losers (11 percent) choose to enroll in universities-the more prestigious academic institutions in Colombia that grant professional undergraduate degrees-and one third (2.4 percent) choose to enroll in vocational colleges, which award technical or technological degrees. Training participation increases university enrollment by 2.5 percentage points (23 percent relative) relative to the loser's rate (Panel A, Table 5 ). Vocational college enrollment by 1 percentage point for the lottery winners relative to the losers after YIA. The overall training effect on vocational college application is, however, only statistically significant at the 10 percent level.
Among males, all of the tertiary enrollment effect of training concentrates in university enrollment. Male lottery winners are 4.3 percentage points (37 percent) more likely than losers to enroll in universities. The training effect on vocational college enrollment for male applicants is small, negative and statistically insignificant.
Among females, the effect on tertiary enrollment concentrates in vocational colleges. One and one half percent of female training applicants enroll in vocational colleges. Female lottery winners are 2 percentage points (133 percent) more likely than losers to enroll in vocational colleges and this effect is significant at the 1 percent level. Among females, we find no tertiary enrollment effects on universities. For both males and females, winning the training lottery increases tertiary enrollment chiefly into private institutions. We find no effect of winning the lottery on the probability of enrolling in a public tertiary institution (Table 5) .
Training also increases tertiary education retention (Table 6 ). About 1.5 percent of training lottery losers remains enrolled in an institution of tertiary education one, two, three, four and five years after training. Training lottery winners are 3.4 percentage points (200 percent) more likely to remain enrolled one year after training; they are also 2.8 percentage points (187 percent), 2.5 percentage points (192 percent), 2.6 percentage points (186 percent) and 1.6
percentage points (107 percent) more likely than training lottery losers to remain enrolled in tertiary education two, three, four and five years after training. The effects on retention up to four years after are significant at the 1 or 5 percent levels, but the effect five years after training is only statistically significant at the 10 percent level (Panel A, Table 6 ).
Tertiary education retention effects are similar among male and female training applicants. Due to the reduced sample size, however, retention effects estimated separately for females and males are generally only statistically significant at the 10 percent level up to four years after training participation (Panel B, Table 6 ).
Tertiary education retention effects of training, as is the case with enrollment effects, concentrate among applicants with above average prior years of schooling completed. Estimates of training on tertiary education retention among this group of applicants are larger and more precisely estimated than those in the full sample of applicants. Among applicants with prior education below the mean there is no impact of training on tertiary education retention (Panel C, Table 6 ).
Prior evidence uncovered by AKM indicates that one year after the lottery, training had increased the probability of paid employment by 7 percentage points and earnings by 20 percent among female applicants. Training, by contrast, had no labor market effects on male applicants.
The earlier labor market results in combination with these formal education impacts of training suggest that the job training-formal education complementarity among males can be due to learning about ability, and/or improved skills due to training. Among females the complementarity may also arise from changes in expectations (for example, increased expected returns to a vocational college degree given that female lottery winners experience an earlier rise in formal sector employment) or from a relaxation of credit constraints due to higher earnings immediately after training.
C. Impacts on Secondary School Completion of Family Members
We also examine whether training participation had external or spillover effects on the educational outcomes of other members of participants' families. If training, for example, helps ease educational credit constraints due to increased participant incomes and families share educational resources, training participation may also benefit other family members. In addition, there may be informational externalities as other family members may learn of the benefits and returns to education.
We find some evidence that training participation increases secondary school completion of other family members of male applicants (Panel B, Table 7 ). Family members of male winners are between 2.3 and 2.7 percentage points (20 to 25 percent) more likely to complete secondary schooling one and two years after training. These effects on other family members of male applicants are only statistically significant at the 10 percent level. By contrast, training does not increase secondary school completion rates among family members of female applicants (Panel C, Table 7 ).
D. Impacts on Tertiary Education Outcomes of Family Members
Training participation increased access to tertiary education and retention in tertiary education among other family members of participants, particularly of male participants (Table   8 ). Relative to the family members of male lottery losers, family members of male lottery winners are 1.3 percentage points (35 percent relative to the mean of 3.7 percent among members of lottery losers) more likely to enroll in public tertiary institutions. The effect of training on tertiary enrollment of other members of male applicants concentrates in universities.
Relatives of male lottery winners are 1.8 percentage points (26 percent) more likely than relatives of lottery losers to enroll in universities (Panel B, Table 8 ). Training does not improve tertiary education access among relatives of female applicants (Panel C, Table 8 ).
Training also increases tertiary education retention among relatives of male applicants (Table 9 ). Relatives of male trainees are 2.2 percentage points (138 percent) more likely to remain enrolled one year after training; they are also respectively 0.6 percentage points (9 percent), 2 percentage points (32 percent), 1.8 percentage points (33 percent) and 1.7 percentage points (38 percent) more likely than relative of male lottery losers to remain enrolled in tertiary education two, three, four and five years after training. The effect on retention two years after training is only statistically significant at the 10 percent level (Panel B, Table 9 ), but all other effects are significant at the 1 and 5 percent levels. Training does not improve tertiary education retention among relatives of female trainees (Panel C, Table 9 ).
Formal education impacts on trainees, as discussed above, could be due to learning about ability, improved skills due to training, changes in expectations and/or relaxation of credit constraints. Differences by gender in training impacts on formal education outcomes among other family members, however, cast doubt on the credit constraints channel. To the extent that family members share educational resources, the earlier rise in employment and earnings among female applicants found by AKM could have helped relax credit constraints, potentially improving formal education outcomes of relatives.
However, we only find formal education impacts among relatives of male trainees for whom training does not improve short-term earnings. The pattern of formal education results on applicants and relatives is most consistent with the training-formal education complementarity arising from a combination of improved skills and changes in expectations.
V.! Impacts on Formal Employment of Participants and Relatives
We examine the impact of YIA on participants' likelihood and duration of formal sector employment (subsections A and B, respectively) and formal earnings (subsection C). In subsection D we compare the short and long-term impacts of training on formal employment outcomes of participants. In subsection E we describe training impacts on formal labor market outcomes of relatives.
A. Formal Sector Employment of Participants
Among Table 10 ).
B. Intensity of Formal Sector Employment
Training lottery winners spend more time in formal sector employment than losers. Table 10 ).
The effects on the duration of formal employment are larger for women than men, just like the effects on being employed in the formal sector. As shown in Column 2 of Panel C of Table 10 , female lottery winners are employed 90 additional days compared to female nonwinners between 3 and 8 years after random assignment. By contrast, Panel B shows that male lottery winners stay employed 74 more days in the formal sector.
The results also show that those with lower average education before the program benefit substantially more from training in terms of formal sector employment. Panel E of Table 10 shows the effect for those with below average education at baseline. For those with below average education prior to the lottery, training increases formal employment by 129 additional days. By contrast, the benefit in terms of additional days worked in the formal sector is 61 days for those with above average baseline education. Thus, women and those with less education to begin with are the individuals that most benefit from the training lottery in terms of their formal employment in the medium-to long-run.
C. Formal Sector Earnings
We focus on two formal sector earnings outcomes. The first is total formal earnings in 2008-2013, the period for which we observe social security records. For this outcome, we add all earnings reported to the system, including zeros in months that the applicant does not report Table 10 ).
Lower bound estimates of the impact of training on formal sector earnings are strongest among female applicants and among applicants with below-average educational attainment.
Among males, training participants earn $900 more than non-participants, but this difference is not statistically significant (Column 3, Panel B, Table 10 ). Among females, training participants earn $1,065 more than non-participants (Column 3, Panel C, Table 10 ). The strongest effects of training on earnings among female applicants is consistent with prior evidence on short-term earnings impacts of the program discussed in AKM.
Among applicants with above-average educational attainment, trainees earn in total formal sector earnings $751 more than non-trainees (Column 3, Panel D, Table 10 ), but this difference is not statistically significant. Moreover, this difference likely understates the longterm impact among applicants with above-average baseline educational attainment since among these, a higher fraction of trainees than non-trainees continues to be enrolled in tertiary education. Among applicants with below-average educational attainment, trainees earn in total formal sector earnings $1,649 more than non-trainees, a 36 percent increase relative to the nontrainees mean (Column 3, Panel E, Table 10 ).
Trainees also have higher daily earnings than non-trainees between three and eight years after randomization. Training lottery winners earn $0.57 more per day (6 percent) in formal sector employment than lottery losers (Column 4, Panel A, Table 10 ). As is the case with total formal sector earnings, training effects are strongest among female applicants and applicants with below-average baseline educational attainment. Among female applicants, trainees earn $0.69 (10 percent) more than non-trainees (Column 4, Panel B, Table 10 ). Among applicants with below-average educational attainment, trainees earn $1.1 (17 percent) more than nontrainees per day of formal sector employment between three and eight years after randomization (Column 4, Panel E, Table 10 ). Among males and among applicants with above-average baseline educational attainment, estimates are smaller and not statistically significant (Column 4, Panels B and D, Table 10 ).
D.! Comparisons between Short-and Long-term Impacts
One of the benefits of being able to do this analysis having matched our original data to administrative records is that we can verify whether the short-term effects persist, dissipate or even grow over time. Table 11 shows the short-term results using the data from AKM and the long-term results using the SISPRO data. We re-estimate our short-term effects with the survey data collected by AKM to make the outcome measures comparable with the way we measure formal employment and earnings with the administrative data. First, we estimate formal employment as jobs in which the employer makes pension contributions on behalf of the employee. In the original analysis, individuals where defined as being employed in the formal sector if their employers either made contributions to pensions or health.
In the administrative data it is not possible to distinguish if health contributions were made on someone's behalf through their employer or their spouse's or someone else's employer.
For this reason, we use the more restrictive definition based on pension contributions. In addition, for the earnings data, we use daily earnings to make the results from the two datasets comparable. Table 11 shows that the short-term impacts of training on formal employment persist and do not depreciate. As shown in columns 1 and 2, the likelihood of formal employment is the same in the short-and long-term for women and men. For those with baseline educational attainment below the average, the effect also persists over time (Column 4, Table 11 ). However, for those with above average education at baseline, the effect becomes smaller over time,
showing evidence of depreciation. This may be because this is the group in which a higher fraction of lottery winners goes on attend and remains in tertiary education.
The earnings effects are also persistent for women and the less educated. Columns 5 and 8 show the same short-and long-term effects for women and for those with below average education. By contrast, the results show depreciation of earnings gains over the long term for men and for those with above average educational attainment at baseline. This could also well be because it is men and the more educated to begin with who end up going to university and staying in university. This may, thus, be a group who is both working and studying simultaneously and whose earnings capture employment in temporary jobs. Table 12 explores whether there are labor market impacts on the family members of training lottery winners. The impact on family members could be positive or negative. If those exposed to training refer family members to formal sectors jobs and if the additional education attained by family members of trainees, then the effects would be positive. However, as we saw, lottery winners are more likely to be employed in the formal sectors and receive higher earnings.
E.! Labor Market Impacts for Relatives
Thus, the income effect due to higher family income from lottery winners' higher earnings may end up reducing their employment either on the extensive or intensive margin. Table 12 shows no effects on other family members' formal earnings, employment or days worked.
VI. Cost-Benefit Analysis
In this section we estimate costs and benefits of the program and calculate internal rates of return separately for women and men. We assume a discount rate of 10 percent. Throughout the analysis, for each source of cost and revenue, we compute the Net Present Values (NPVs) converting into United States dollars using the year-specific exchange rate (annual average) between US dollars and Colombian pesos from the Colombian Central Bank, deflating nominal costs back to real value in base year (1995) using the US-CPI change between base year and accrual of costs (or revenue), taking the present value of the cost and revenue stream. We express the NPV in US dollars for the year of analysis (2014) Tables 5 and 6 ). This is clearly a conservative assumption for a number of reasons.
First, as documented in Sections IV.C and IV.D, the program has positive external effects on the educational attainment-particularly tertiary education enrollment-on a significant fraction of family members of lottery winners. Second, we do not account for the non-wage benefits of increased formal-sector employment. Chiefly amongst these are additional payroll taxes that boost the government's revenue. Third, we do not account for other potential benefits such as delayed childbearing, reduced program participation in other government programs (see Bettinger et al. 2014) or reduced criminal engagement.
We assume that women (and men) work continuously for 40 years in formal sector employment at the same intensity as that between 2008 and 2013. This implies that we assume that for 40 years female lottery losers on average spend 94 days per year in formal sector employment; female lottery winners spend 112 days; male lottery losers 153 days and male lottery winners 167 days. We also do not account for potential welfare losses associated with the cost of raising program funds through the tax system.
To account for the additional formal earnings benefits of increased tertiary enrollment and retention among lottery winners, we assume a 10 percent return to an additional year of tertiary education and multiply these gains by the program impact on the 4-year tertiary education retention rate (Table 6) .
Under these assumptions, we project earnings based on daily earnings from Tables 10 and 11. Note that the estimates in Table 11 indicate that earnings impacts for females grow over time (in absolute terms) while those for males depreciate over time. To project daily earnings for lottery losers, we run a separate regression by gender of daily earnings 2006-2013 on calendar year and project for the duration of the work life with an annual depreciation rate of 10 percent.
To project the earnings of winners we add average 2006-2013 growth/depreciation rates of daily formal sector earnings impacts separately for females and males and the expected earnings benefits of increased tertiary enrollment and retention. Appendix Figure A shows the projected earnings profiles of lottery winners and losers, separately by gender.
The net present value of formal earnings for female lottery losers is $5,015; for female lottery winners is $6,973. Of these, $6,847 are direct earnings benefits and $116 are expected future gains due to increased tertiary retention of female winners. Among males, the net present value of formal earnings for lottery losers is $13,412; for male lottery winners is $16,283. Of these $15,892 are direct earnings benefits and $391 are expected future gains due to increased tertiary retention of male winners. The NPV of the earnings difference is $1,958 for females and $2,870 for males. These net present value calculations differ markedly with the short-term calculations in AKM because in the short-term male lottery winners had no discernible effects on earnings, unlike the long-term effects we document in this paper. Note also that net revenue for males is larger than for females despite the depreciation of male formal earnings impacts. This is so because baseline daily earnings are larger considerable among males than among females (Appendix Figure A) .
Benefits to non-participants are only those resulting from additional tertiary education enrollment and retention spillover effects to other family members of participants, which we similarly value using a 10 percent rate of return to an additional year of tertiary education from baseline earnings of relatives in Table 12 . These additional educational benefits only accrue to the relatives of male lottery winners and not to the relatives of females (Table 9 ). We estimate that benefits due to additional education among the relatives of male applicants to be $24.
The program's total revenue is $1,958 for females and $2,894 for males. Revenue net of program costs is $1,124 for females and $2,060 for males. This calculation assumes that there are no negative spillovers to non-participants, for instance, in the form of job displacement effects (e.g. Crépon et al 2013) . However, these potential negative spillovers to non-participants would need to be extremely large for the program not to be welfare enhancing. The implied internal rates of return are 19.1 percent for females and 30.1 percent for males.
VII.! Conclusion
! In this paper we analyze the long-term effects of a randomized vocational training program for disadvantaged youth in Colombia. Beyond the prior evidence of program effects based on short-term employment and earnings effects in AKM and on a recent long-term examination of employment and earnings effects in Attanasio et al. (2015) , we demonstrate for the first time using a rigorous experimental research design that: a) vocational training skills complement, rather than substitute additional formal educational investments, particularly in tertiary education, and b) training participation has spillover effects on participants' family members. The pattern of formal education results on applicants and relatives is most consistent with the training-formal education complementarity arising from a combination of improved skills and changes in expectations. We also demonstrate that the employment and earnings impacts of training participation in the Colombian program amplify rather than diminish over time, at least for the eight years after randomization that we can observe.
The vocational training-formal education complementarity is strongest among trainees with above-average baseline education, which underscores the idea that skill begets skill (Heckman, 2000) . However, we also see very strong long-term effects on employment and earnings outcomes among applicants with below-average baseline education, among whom training did not affect tertiary education enrollment or retention after participation. This finding highlights the fact that training by itself-at least in the context of Colombia's YIA programhas large benefits for a particularly disadvantaged population group.
Taken together, the results suggest that a job training program such as Colombia's YIA that combines classroom and apprenticeship time and has pay-for-performance incentives built in is an attractive social investment and a potential avenue for social mobility.
We estimate costs and benefits of the program and calculate internal rates of return separately for women and men. We assume a discount rate of 10 percent. The NPV of the earnings difference is $1,958 for females and $2,870 for males. These net present value calculations differ markedly with the short-term calculations in AKM because in the short-term male lottery winners had no discernible effects on earnings, unlike the long-term effects we document in this paper. The program's total revenue is $1,958 for females and $2,894 for males. 
